1. CoA, acetyl-CoA, long-chain acyl-CoA, carnitine, acetylcarnitine and long-chain acylcarnitine were measured in rat liver under various conditions. 2. Starvation caused an increase in the contents of these intermediates, except that of carnitine. 3. A single dose of ethanol had no effect on CoA content, whereas those of acetyl-CoA, acetylcarnitine and carnitine were increased and those of long-chain acyl-CoA and acylcarnitine were decreased. 4. Four weeks' adaptation to ethanol consumption did not change the effect of ethanol administration on these metabolites. 5. It is suggested that ethanol directly increases hepatic fatty acid synthesis and esterification. It is also suggested that this change is reversible and limited to the period of ethanol oxidation. 6. It is demonstrated that ethanol-induced triglyceride accumulation is not related to carnitine deficiency.
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The fraction of CoA and carnitine that is esterified is known to change according to the state of hepatic fatty acid metabolism, e.g. to increase during starvation and to decrease after carbohydrate feeding (Tubbs & Garland, 1964; B0hmer et al., 1966; Pearson & Tubbs, 1967; Bohmer, 1967) .
Ethanol is known to decrease fatty acid oxidation and to enhance fatty acid synthesis and esterification in liver (Lieber et al., 1966) .
The object of the present work was to examine whether the effect of ethanol on hepatic fat metabolism was reflected in the acylation state of hepatic CoA and carnitine.
Under some conditions triglyceride accumulation and depressed fatty acid oxidation in heart and liver is correlated to a decreased content of carnitine (Bressler & Wittels, 1965; Corredor et al., 1967; Wittels & Spann, 1968) . Therefore experiments with prolonged ethanol treatment were carried out to determine whether ethanol-induced triglyceride accumulation is also related to carnitine deficiency. These experiments also permit a comparison between the effects of acute and prolonged ethanol treatment on the CoA and carnitine intermediates of hepatic fat metabolism. Materials Bremer (1968) . Acetyl-CoA was prepared by the method of Simon & Shemin (1953) .
Animals
Six female Wistar rats weighing 130-140g were used in each experiment. Animals used as fed controls had free access to an ordinary laboratory chow diet. Starved animals were deprived of food for 8 or 24h in wire-bottomed cages, but had free access to drinking water. In experiments with acute ethanol treatment the rats were given 3 g of ethanol/kg body weight in an aqueous 13 % solution by gastric tube, 2f-3 h before they were killed. The food was withdrawn after intubation.
The experiments with prolonged ethanol treatment were carried out by the techniques of Lieber & DeCarli (1970) Salts, vitamins, choline, methionine and cys- tine were added to all diets in the amounts used by Lieber & DeCarli (1970) .
The rats were kept in single cages and fed twice a day from drinking tubes. During the last 24h before being killed they were fed every 8h by gastric tube. The last meal was given 8h before death to minimize the blood ethanol concentration at the time of killing and thus permit a distinction between acute and prolonged ethanol treatment. The animals gained weight during the 4 weeks experimental period.
All animals were killed by cervical dislocation. The livers were quickly excised and freeze-clamped in an aluminium piston that had been pre-cooled in liquid N2.
Extraction procedures
CoA and its derivatives were extracted as described by Williamson & Corkey (1969) . The esterified derivatives of CoA were hydrolysed at pH412.5 at room temperature (22-25°C) for 30min. After hydrolysis the pH was adjusted with HCl04 to 4.5.
Carnitine and its derivatives were extracted as described by B0hmer et al. (1966) . This method is known to extract labelled carnitine compounds completely. The butanol dissolved in the water phase inhibited the enzymic assay, and was therefore removed by washing with an equal volume of chloroform.
Water-soluble carnitine esters were hydrolysed in 0.1 M-KOH for 60min at room temperature. Butanol-soluble carnitine esters (long-chain acylcarnitine) were hydrolysed by adding 200,dl of 1 M-KOH to 2ml of the butanol phase at 50°C. After 15min of shaking, the sample was neutralized by adding lOul of 70% (v/v) HCI04 and 100,A1 of 0.8 MTris-HCI (pH7.8). The water phase was separated from the butanol phase by centrifugation and washed with chloroform. Hydrolysis of palmitoyl-L-carnitine was tested by using 1, 2, 3 and 6M-KOH; carnitine recovery was 86%, 93%, 87% and 43% respectively. Assays Acetyl-CoA. This was determined in the assay described by Wieland & Weiss (1963) . The cuvette contained Tris-HCl (240mM, pH7.4), NAD+ (2mM), malate (7mM) and 1 ml of HCl04 extract in a total volume of 1.1 ml. The reaction was started by addition of 2.5 units of malate dehydrogenase followed by 0.5 unit of citrate synthase. A correction was necessary since the formation of NADH is not stoicheiometric with the disappearance of acetyl-CoA (Budcel & Eggerer, 1965) .
CoA. This was converted into acetyl-CoA with acetyl phosphate and phosphotransacetylase (Michal & Bergmeyer, 1970 Total water-soluble CoA compounds. These were determined by the same assay after alkaline hydrolysis of the HCI04 extract. The hydrolysis never revealed an amount ofCoA compounds that exceeded the sum of CoA and acetyl-CoA by more than 5 %. Therefore the values for short-chain derivatives of CoA are not shown in the tables and the term acylCoA is used synonymously with long-chain acyl-CoA.
Acyl-CoA. This was determined as for CoA after hydrolysis of the acid-insoluble fraction.
Carnitine. This was measured as CoA formed from acetyl-CoA after addition of carnitine acetyltransferase (Pearson et al., 1970) . The use of chloroform-methanol extraction makes determination of tissue carnitine by the dithionitrobenzoate method possible because high tissue blanks are avoided. Dithionitrobenzoate slowly inhibits carnitine acetyltransferase, but this is of no importance in a shorttime assay, which is started by addition of the transferase. The cuvette contained Tris-HCl (130mM, pH7.8), dithionitrobenzoate (325 pM), acetyl-CoA (70Mm) and sample in a total volume of 800,d; 1 unit of carnitine acetyltransferase was used.
Total water-soluble carnitine. The same assay was used to determnine these compounds after hydrolysis.
Under none of the conditions examined did this value exceed the sum of carnitine and acetylcarnitine by more than 10%, and therefore the contents of short-chain derivatives of carnitine are not shown in the tables, and the term acylcarnitine is used to mean long-chain acylcarnitine.
Acylcarnitine. This was measured as carnitine after hydrolysis of the butanol phase.
Acetylcarnltine. This was measured in the assay described by Pearson et al. (1970) . The cuvette contained Tris-HCI (115mM, pH17.8), CoA (26OMm), malate (9mM), NAD+ (2.4mM), dithiothreitol (3mM) and 300,il of chloroform-methanol extract in a total volume of 800,u1. The reaction was started with 3.5 units of malate dehydrogenase, followed by 0.4 unit of citrate synthase and 1.2 units of carnitine acetyltransferase. These measurements were also corrected as described by Buckel & Eggerer (1965) . Plasma contents of free fatty acids were determined as described by Ho & Meng (1969) . Blood ethanol was analysed by the method of Bernt & Gutman (1970) .
EFFECT OF ETHANOL ON CoA AND CARNITINE IN RAT LIVER
The method of Hohorst (1970) was used for measurement of a-glycerophosphate, and triglyceride was determined in the chloroform-methanol extract with a test combination from Boehringer.
Recovery and reproducibility
Livers from six rats were pooled, frozen, powdered and mixed. The powder was divided into 12 equal parts; six of these were submitted to the HC104-extraction procedure and the other six to the chloroform-methanol extraction procedure (see under 'Extraction procedures'). CoA, acetyl-CoA, carnitine, acetylcarnitine and palmitoylcarnitine, added as internal standards in physiological amounts to three of the samples in each group at the first homogenization step, were recovered by 90-100%.
Based on estimations from the other three samples in each group reproducibility of the extraction and assay procedures, expressed as the largest percentage deviation from the mean, was: CoA, 2 %; acetyl-CoA, 10%; acyl-CoA, 7%; carnitine, 4%; acetylcarnitine, 4%; acylcarnitine, 5%.
Results
The contents of CoA, acetyl-CoA, acyl-CoA, carnitine and acylcarnitine in fed control rats and the changes after 24h of starvation (Table 1) correspond to results of other workers (Garland, 1964; Tubbs & Garland, 1964; Pearson & Tubbs, 1967; Lumbers et al., 1969) .
The content of acetylcarnitine in these rats is three times higher than the value reported by Pearson & Tubbs (1967) .
The amount of carnitine and its derivatives was also determined in livers from 200g female rats. These animals contained 250-300nmol of carnitine/g wet wt., 130180rnmol of acetylcarnitine/g wet wt., and about lOnmol of acylcarnitine/g wet wt. Thus it appears that the amount of carnitine in liver depends on the weight of the animal. In the 200g rats the percentage of total carnitine accounted for as acetylcarnitine corresponds to the results obtained by B0hmer et al. (1966) . Since we have used rats from the same origin and the same extraction procedure as B0hmer et al. (1966) , the high amount of acetylcarnitine in our rats compared with values found by Pearson & Tubbs (1967) may be due to differences in strain or extraction procedure.
After acute ethanol treatment the amount ofCoA is unchanged compared with fed controls (Table 1) whereas acetyl-CoA is doubled (P<0.001) and acylCoA is decreased by 30% (P<0.025). The total content of CoA compounds is increased by 50% (P<0.001). The contents of carnitine and acetylcarnitine are increased by 50% (P<0.01 and <0.02 respectively), whereas that of acylcarnitine is decreased by 50% (P<0.05). The total content of Vol. 132 The fraction of the CoA esterified with fatty acids ('CoA acylation ratio', defined in Table 3 ) is decreased by 30% (P<0.05) and the corresponding carnitine acylation ratio is decreased by 60% (P<0.005) ( Table   3) .
Hepatic x-glycerophosphate in rats starved for 8 and 24h, and after acute ethanol treatment, was determined as 178 ±22, 362±55 and 967± 154nmol/g wet wt. (mean±s.D.) respectively.
The plasma concentration of free fatty acids ($LM, ± S.D.) was 199± 125 in fed controls and 568 ± 186 after acute ethanol treatment.
Experiments with liquid diets
The difference between fed controls and rats given the balanced glucose diet (Tables 1 and 2 ) are explicable by the 8h of starvation preceding killing. This can be seen from the effects of 8 h starvation shown in Table 2 . Contents of acetyl-CoA and acyl-CoA are doubled (P<0.001) and CoA is slightly increased (P<0.05). The rats given the balanced glucose diet contain 60 % more acylcarnitine than do fed controls (P<0.005), which is compatible with a condition of mild starvation (B0hmer, 1967) .
The effect of prolonged intake of a diet containing 70 % of the total calories as fat is shown in Table 2 . These rats differ from those on the glucose control diet only by slightly increased acylcarnitine(P<0.05). Rats that had received 36 % of their total calories as ethanol during 4 weeks had increased carnitine and acetylcarnitine contents (P<0.02 and <0.01 respectively). The other results are similar to those for rats on the glucose control diet.
Hepatic triglyceride content, expressed as mg/g wet wt., ±S.D., was: glucose controls, 13.2±3.3; high-fat group, 12.2±4.0; prolonged-ethanol group, 22.4±4.6. The triglyceride accumulation in the ethanol-treated rats is less pronounced than in the reports of Lieber & DeCarli (1970) . No explanation can be offered for this discrepancy.
At the time of killing blood ethanol concentration in the prolonged-ethanol group was 12.7± 5.1 (mM, ± S.D.).
Discussion Acetylation and acylation states of CoA and carnitine
The degree of acylation of CoA and camitine may reflect the state of fat metabolism, since these compounds mediate activation and transfer of acetyl and acyl units. Therefore acetylation and acylation ratios for CoA and carnitine have been calculated (Table 3) . It might be expected that these ratios would vary in parallel since the equilibrium constants of the carnitine transferase reactions are near to 1 (Norum, 1964; Bremer & Aas, 1969) . Such a parallelism is not found, however. Compared with fed controls, the camitine acetylation ratio is increased by 40 % after starvation for 24h (P<0.001), whereas the CoA acetylation ratio is unchanged. After acute ethanol treatment, on the other hand, the carnitine acetylation ratio is unchanged, whereas the CoA acetylation ratio is increased by 25 % (P<0.005).
After starvation for 24h the carnitine acylation ratio is increased 3-fold (P<0.001), but the CoA acylation ratio remains unchanged. Since the carnitine transferases are usually supposed to have access to all compartments the lack ofparallelism may reflect compartmentation, e.g. by specific protein binding of the substrates.
The suggestion by B0hmer et al. (1966) that the carnitine acylation ratio may be taken as an indirect measure of the CoA acylation ratio is thus not supported by these results.
Apparently, the carnitine acylation ratio does reflect the direction of hepatic fat metabolism. This ratio is increased in starved animals, which have increased fat oxidation, and it is decreased in rats subjected to acute ethanol treatment, which have decreased fat oxidation and increased fat synthesis. The CoA acylation ratio, however, does not always parallel fat oxidation, since it remains unchanged after 24h starvation. In contrast, Tubbs & Garland (1964) found the CoA acylation and acetylation ratios to be increased after 48h starvation. They did not, however, find CoA to be lower in fed rats than in starved rats. Tubbs & Garland (1964) used sorbic acid and acyl-CoA synthetase for determination of CoA. Bergmeyer (1970) reports that acyl-CoA synthetase, unlike phosphotransacetylase, also reacts with dephospho-CoA, and it may be that dephospho-CoA is present in the fed state in relatively high amounts. After 8h starvation (Table 2) the CoA acylation and acetylation ratios do increase because CoA is not yet increased to 'compensate' the increased acetyl-CoA and acyl-CoA.
Mass-action ratios. Table 4 shows that the massaction ratios of the acetyl-and long-chain-carnitine acyltransferase reactions are close to Keq. in fed controls and glucose controls. During starvation both mass-action ratios are increased owing to a relatively more increased acetylation and acylation of carnitine (P<0.005 and <0.001 respectively), but the ratio between the massaction ratios is not significantly changed. After acute ethanol treatment both mass-action ratios are diminished because of increased camitine (P<0.02), but still the relationship between the mass-action ratios is unchanged. This constant relationship, which is near the theoretical value, may reflect a coupling between the two transferase reactions. However, the compartmentation of the compounds involved makes such a suggestion highly speculative. (Tables 1 and 3 ) (for statistical significance see the Results section). Hepatic ethanol oxidation depresses fatty acid oxidation and increases fatty acid synthesis and esterification (Lieber et al., 1966 (Lieber et al., , 1967 . Carbohydrate administration also leads to lowered contents of acyl-CoA and acylcarnitine, low CoA and carnitine acylation ratios, and to depressed fatty acid oxidation concomitant with increased fatty acid synthesis and esterification. However, carbohydrate administration lowers, whereas ethanol increases, plasma contents of fatty acids (see the Results section). Increased plasma contents of fatty acids after starvation, diabetes and fatfeeding leads to increased fat oxidation, increased acyl-CoA and acylcarnitine contents and increased CoA and carnitine acylation ratios (Tables 1 and  3) .
Thus it appears that ethanol has a carbohydratelike effect on hepatic fat metabolism that counteracts the usual effect of increased inflow of fatty acids to the liver.
During ethanol oxidation cytoplasmic reducing equivalents are accumulated (Williamson etal., 1969) , ao-glycerophosphate is increased, the inflow of fatty acids to the liver is increased and acetyl-CoA is doubled (see Table 1 and the Results section). By these changes precursors and energy for synthesis, elongation and esterification of fatty acids are more available than in the fed state. Lieber et al. (1966) suggested that the ethanolinduced triglyceride accumulation may be a consequence of decreased fatty acid oxidation owing to decreased tricarboxylic acid-cycle activity. However, an isolated decrease in fatty acid oxidation combined with increased inflow of free fatty acids would not be expected to decrease acyl-CoA and acylcarnitine (Table 1) . The results of the present paper indicate that ethanol has a direct effect in facilitating hepatic fatty acid synthesis (de novo or elongation) and esterification. Zakim (1965) also observed lowered contents of acyl-CoA after ethanol feeding. He suggested that the usual inhibition of hepatic fatty acid synthesis after increased inflow of fatty acids is turned off by ethanol through a decrease in acyl-CoA whereby acetyl-CoA carboxylase is activated.
In contrast to the present investigation, Bode et al. (1970) reported elevated contents of acyl-CoA and acylcarnitine after treating male rats with ethanol. This discrepancy may be due to the sex difference, since male rats are reported to exhibit less triglyceride accumulation after ethanol treatment (Lieber et al., 1966; Zakim, 1965) . Bode et al. (1970) also administered a higher dose ofethanol, in a 35 % (v/v) solution preceded by food deprivation for 2h, and they used ether anaesthesia. This procedure may have stimulated secretion of adrenaline, which is known to cause a marked increase in hepatic acyl-CoA (Zakim, 1965) , and ether anaesthesia has been reported to increase the acylcarnitine and acyl-CoA contents of rat liver (Pearson & Tubbs, 1967) .
In agreement with Forsander & Lindros (1967), Bode et al. (1970) and Breen etal. (1971) , acute ethanol treatment is shown to increase acetyl-CoA (Table 1) . This acetyl-CoA may be derived from ,B-oxidation after increased inflow of free fatty acids, from activation of acetate, or from decreased utilization of acetyl-CoA.
In perfusion experiments Williamson et al. (1969) also found that ethanol increased acetyl-CoA, if oleate was present in the perfusion medium.
The increase in acetyl-CoA is paralleled by increased acetylcarnitine, as is the case with starved animals. In the starved state, however, the carnitine acetylation ratio is increased, whereas it is unchanged after acute ethanol treatment (Table 3 ). This may reflect the different metabolic fate of acetyl units in the two states, since carbohydrate feeding, and thus a state of fat synthesis, is related to low carnitine acetylation ratios (B0hmer, 1967) . 1973 The content of acetyl-CoA reaches the same value, about 75 nmol/g wet wt., after highly different dietary treatments (Tables 1 and 2) . Thus it appears that there is a definite limit to accumulation of acetyl-CoA. Acetylcarnitine may take part in a buffer mechanism for acetyl-CoA, but increased acetyl-CoA contents are not always followed by increased acetylcarnitine contents (Table 2) .
Effect of prolonged ethanol treatment. Prolonged ethanol treatment causes triglyceride to accumulate (see the Results section).
The difference in the concentration of CoA and carnitine compounds between fed controls and rats given the prolonged ethanol diet may be explained by a combined effect of the last ethanol-containing meal and the 8h starvation preceding killing (Tables 1 and  2 ). The increase in carnitine and acetylcarnitine corresponds to the effect of acute ethanol treatment and persists 8h after ethanol feeding, when the blood concentration of ethanol is low (see the Results section). Increased acetyl-CoA, acyl-CoA and acylcarnitine correspond to the values for the group on the glucose control diet, and thus probably reflect the reversion from a state of ethanol oxidation to a state of mild starvation. It appears that the results may be interpreted without implicating effects of the prolonged treatment per se.
Fatty liver due to choline deficiency was suggested to be a consequence of secondary carnitine deficiency by Corredor et al. (1967) . This work illustrates that triglyceride accumulation may develop in spite of largely increased hepatic contents of carnitine.
The increase in triglyceride and carnitine is not solely due to increased inflow of fatty acids to the liver, since the rats treated with the high-fat diet do not exhibit these changes.
